Iron colloids were prepared by cocondensation of the metal at 77K with ethanol, 2-propanol and 2-methoxyethanol. The distribution of particle sizes was determined by transmission electron microscopy.
INTRODUCTION
The colloidal chemistry research is becoming more interested in material science. The application of these new materials exhibit a great variety including several fields of science, paints and colorant industries, medicine, agronomic chemistry, heterogeneous catalysis, photography and nanotechnology.
The colloidal chemistry is performed by homogeneous systems, where one or more components present dimensions ranging from micrometers to nanometers, somehow we are involved between macromolecules and very small particles 1, 2 . The mechanical and chemical properties are very different to the properties of the same system but with bigger sizes. Also it has been found that new materials can be prepared by the control of particle size. The modification in size involves the different properties such as electrical, magnetic, optical and chemical.
The magnetic colloids (ferrofluids) have been extensively investigated 3, 4 . magnetite particles (Fe 3 O 4 ) have been studied because their synthesis is well known 5 . Their polydispersity is around 25 % and their particle size is limited. On the other hand, metallic magnetic particles can be obtained in several sizes, with the advantage of a larger magnetic moment compared to iron oxides.
But a more convenient method is the thermal decomposition of metal carbonyl compounds which produces spherical particles after release of carbon monoxide.
Colloid iron particles were prepared by Griffiths et al 6 , they studied iron particles in several solvents using different stabilizing polymers and their oxidation behavior. More recently, Pathmamanoharan 7 et al reported results on the synthesis and characterization of iron particles stabilized with modified polyisobutylene (PIB) and oleic acid in decaline.
Colloid of ferromagnetic materials are of special interest due to their technological applications as ferrofluids 8, 9 . The magnetic fluids find uses in data storage media, magnetic refrigeration, audio reproduction and magnetic sealing 10, 11 .Most commercial magnetic fluids are generally produced by grinding of magnetite (Fe 3 O 4 ) in ball wills for several days in the presence of surfactants, which produces a broad particle size distribution 12 . Chemical methods such as thermolysis of organometallic compounds and metal evaporation have also been applied to produce colloids of ferromagnetic materials 13, 14 . Iron nanoparticles by CLD method were obtained 15, 16 . The clusters were prepared by resistive evaporation of metallic iron, followed by a fast cocondensation at 77 K with several organic solvents (ethanol, 2-propanol and 2-methoxyethanol). Nanocolloid are obtained and by solvent evaporation active nanopowders are prepared. The great advantage of this methodology is the control of particles, under the same conditions, free of interferents.
ExPERIMENTAL Preparacition Of Metal Colloids
The metal atom reactor has been already described 12, 13 as a typical example, an alumina-tungsten crucible was charged with 0.152g. of Fe metal e -mail address: galocardenas@udec.cl (lumps). Dry 2-methoxyethanol was placed in a ligand inlet tube and freezepump-thaw degassed with several cycles. The reactor was pumped down to 0.008 mbar while the crucible was warmed to red heat. A liquid nitrogen filled Dewar was placed around the vessel and Fe and 2-methoyethanol (70 mL) were deposited over 1 h using 35 A. The matrix was a blue/purple color at the end of the deposition. The matrix was allowed to warm slowly under vacuum by removal of the liquid nitrogen Dewar for 1 h, upon meltdown a brown colloid was obtained. After addition of nitrogen up to 1 atm, the colloid was allowed to warm for another 0.5 h at room temperature. The solution was syphoned out under nitrogen into a flask ware. Based on metal evaporated and acetone inlet the molarity in metal could be calculated. Several concentrations were prepared under the same conditions. No presence of hydrogen evolved during the metal evaporation was observed. The vacuum remains constant during the evaporation.
The film was obtained by stripping the solvent under vacuum. The solvent evaporation on a substrate can be speeded by a N 2 flow or by using a warm substrate.
Electron Microscopy Studies
Transmission electron micrograph was obtained on a JEOL JEM 1200 EX 11 with 4 Å resolution by using copper grids coated with carbon foil. A drop of the colloid was placed on a copper grid and allowed it to dry.
Thermogravimetric Analysis
A Perkin-Elmer Model TGA-7 thermogravimetric system, with a microprocessor driven temperature control unit and TA data station was used. The sample weight was recorded and generally ranged between 5-10 mg. The sample was placed in the balance system and the temperature was raised from 25 to 550°C at a heating rate of 10°C/min. The sample weight was continuously recorded as a function of temperature.
Infrared Studies
Infrared Spectra was obtained using a Nicolet 5PC Spectrometer. KBr pellets were made for all the films. Spectra were recorded at a resolution of 2 cm -1 and a minimum of 128 scans accumulation.
Differential Scanning Calorimetry (Dsc)
A Polymer Laboratory Simultaneous Thermal Analyzer STA 625 (TGA-DSC) was used. The transition energy was proportional to the area under the peak and the DH for the film were obtained.
Uv-Vis Spectroscopy
A Perkin-Elmer 2100 Spectrophotometer was used. The solvent was employed as a reference, the sample spectra between 200 and 800 nm was recorded.
Zeta Potential
A Laser Zee Meter Model 501, Pen Kem was used. The charge and zeta potential of the colloid were measured. Also it was compared with a Burton tube (0.25 m of length) measurement.
Statistical Analysis
An average of one hundred particles were counted in each micrograph. The histograms were obtained using the Origin 6 program.
RESULTS AND DISCUSSION
The metal is evaporated at low vacuum and simultaneously cocondensed with an organic solvent compound steam on the cold surface of a reactor. During the warm up process of the matrix they form small "cluster" of metals codeposited to 77K, with an excess of solvent, weak complex properties, the formation of metal-metal bond is favored and takes place the formation of small dispersed amorphous particles in the organic solvent 17 . The particles size depends on the solvent and the used metal. The stability of the dispersions formed by cocondensation of metallic atoms and vapors of organic solvent (to 77K), extends hours, days, weeks and even per years 18 . For each solvent the stability depends on the oxidation potential of the metal and for a given metal on the solvent used.
The Fe colloids were obtained by different simultaneous cocondensation of the metal with organic such as: ethanol, 2-propanol and 2-methoxyethanol. These solvents were added in excess with the idea to maintain the agglomerate ones or solvated metal cluster.
a histogram which will provide information to us in distribution of the particle size. On the other hand, the adjustment of the normal curve reveals the average size; also to the Gaussian curves and the standard deviations for each average particle size were obtained.
In table II, are the obtained particle sizes for the colloidal dispersions of lower concentration, since when this parameter is increased it is not possible to visualize single nanoparticles. The agglomerates are very difficult to analyze, due to the low resolution of the equipment used. Sizes between 3.94 and 6.7 nm are observed, values that agree with the range of colloidal particles previously reported 21 . Figure 1 shows the micrographs obtained by TEM and the respective histograms for prepared colloidal dispersions.
Colloidal Dispersions.

Stability
For the obtained colloidal dispersions their kinetic stability was moderate, in terms of their flocculation power at room temperature. In table I the stability measurements for each one of the prepared concentrations are summarized 19 . Table I . Fe metal colloids stability in organic solvent.
The great stability of these systems probably must be due to the presence of group -OH, forming stable interactions with the metal 20 . In addition, when analyzing these results, we can conclude that the Fe metallic dispersions are quite stable in the organic solvents used, demonstrating that a strong solvatation on them exist.
An important point is related with the influence of the stability and the concentration, showing a greater stability for the more diluted colloidal dispersions, this fact is attributed to that a smaller energy is needed so that the particles dispersed in the reaction media exhibit Brownian behavior.
Besides, it is observed that the obtained colloidal dispersions with 2-methoxyethanol have the greater stability with respect to the others, this can be due to their polarity or to the formation of some type of bonds or interactions with the metal surfaces.
Particle Size Studies. The particle size was obtained through the analysis of micrographs, which show the presence of agglomerates dispersed on the grid. The optical measures of the diameters of particle population randomly selected, were represented in 
Electron Diffraction
The patterns of electron diffraction of Fe metallic particles were taken from the Microscope Jeol JEM EX-1200 and the results are shown in figure  2 and On the other hand, Suslick reported the sonochemical decomposition of Fe(CO) 5 in the presence of a stabilizer to obtain a nanosized iron colloid. By TEM the iron particle in the polymer matrix ranges from 3 to 8 nm. These particles are rather amorphous.
Oleic acid was used as a colloid stabilizer 12 . the Fe(CO) 5 treated with oleic acid was sonicated at 30ºC for 1h and pseudo spherical particles of 8 nm were obtained.
In our system of Fe-ethanol, Fe-2-propanol and Fe-2-methoxyethanol average particle size ranging from 3.9 to 6.7 nm were prepared.
Electrophoresis.
This experiment was carried out for Fe-2-methoxyethanol of 1*10 -3 M. With the electrophoretic mobility measures, the rate of migration was obtained. The equation of Debye-Huckel was used to calculate the respective potentials zeta (x) of the metallic dispersions. Table IV shows the electrophoretic parameters, such as rate of migration (v), electrophoretic mobility (m E ) and zeta potential (x) of the dispersions and their loads. 
UV-Vis Studies.
The spectroscopic measures of the colloidal dispersions with the lower concentrations was carried out. The measures of UV-Vis for Fe-ethanol show two absorption bands at 201 and 320 nm which are in agreement with the theoretical values calculated by Creighton 22 (see figure III) . The band at 320 nm is related to the metal-solvent interaction.
